The Tropical Pacific Island of Nauru is a US DOE ARM observation site that monitors tropical climate and atmospheric radiation. This observation site is ideal for validating MTI images because of the extensive deployment of continuously operating instruments. MTI images are also useful in assessing the effect of the island on the ocean climate and on the ARM data. An MTI image has been used to determine the spatial distribution of water vapor and sea-surface temperature near the island. The results are compared with a three-dimensional numerical model simulation.
INTRODUCTION
The MTI (Multispectral Thermal Imager) is a DOE satellite imager whose primary purpose is the development of technologies for nonproliferation monitoring. 1, 2 The images are also being used for other earth science applications. Calibration and testing of the MTI imager has frequently made use of instrumented ground sites such as DOE's ARM (Atmospheric Radiation Monitoring) locations in the Southern Great Plains and the Tropical Western Pacific (TWP). Although the purpose of the TWP site is to monitor the climate of the western Pacific Ocean, for practical reasons, the site was located on a small island, which affects the local climate. Thus, the impact of the island on ARM data needs evaluation 3 .
Islands are known to affect clouds, water vapor, air temperature and water temperature, mostly downwind of the island. Results of 3-dimensional atmospheric models and observations suggest that a small island will induce fluctuations of ~10% in the water vapor, and ~2C and ~0.2C in the air and water temperatures, respectively. However, these fluctuations are probably too small to be readily detected by the MTI imager with normal operational processing. On the other hand, these small effects may be discernible in MTI images if additional information is included in the retrieval. This paper investigates the variation of these quantities around the Pacific island of Nauru by examining fluctuations in the MTI radiances compared to a radiative transfer calculation defined by local conditions. MTI images on two days were analyzed -Dec 12, 2000 and Jan 27, 2001. The Dec 12 image is complicated by cirrus clouds, however, and our analysis concentrates on Jan 27.
METHOD
The MTI bands are listed in In order to detect slight changes in temperature and water vapor content, the radiances in the MTI bands at the satellite were calculated with Modtran, a standard radiative transfer model, with observed input quantities obtained from the ARM site on Nauru. The calculated radiances were then compared with MTI radiances at several points around the island. Additional Modtran calculations were carried out to determine the dependence of the MTI radiances on water vapor, and sea-surface temperature. Since the MTI wavelength bands are too broad to infer the vertical variation of temperature and water vapor, a three-dimensional atmospheric model was used to determine the likely size and vertical dependence of fluctuations induced by the island.
The water vapor amount was determined with the Continuum Interpolated Band Ratio (CIBR) technique 4 . This method relates the water vapor column amount to the ratio of the radiance in bands E plus G to that in band F. The bands E and G are insensitive to the water vapor amount whereas the radiance in band F decreases with increasing water vapor. This technique is most accurate when the surface reflectance is high and therefore will not yield high absolute accuracy for low reflectivities such as the ocean.
The sea-surface temperature is determined from the radiances in bands L, M and N. Since these bands respond similarly to increases in surface temperature, the variation in sea-surface temperature can be determined with additional Modtran calculations with different sea-surface temperatures. These bands also include water vapor absorption, which must be considered when searching for variations in the seasurface temperature.
MTI IMAGE AND MODEL CALCULATIONS
Although there are many MTI images of Nauru, care was required in the selection because many contain cirrus clouds, which complicate the analysis. Images on Dec 12, 2000 and Jan 27, 2001 were similar because both contained a few scattered cumulus clouds on the leeward side of the island. However, cirrus clouds were present on Dec 12 and we will present results only for Jan 27, 2001 (Fig. 1) .
The average radiances for the four areas were determined by averaging the following number of points respectively, location 1 (600 pixels), location 2(1300 pixels), location 3 (1100 pixels) and location 4 (5000 pixels)
An estimate of the effect of the island on the surrounding environment can be obtained with a 3-dimensional model simulation Regional Atmospheric Modeling System 5 (RAMS). A simulation for Dec 12, 2000 (Fig. 2) produces a 10% variation in column water vapor (from the surface to an altitude of 14 km) around the island with a wet area immediately downwind of the island (location w, 4.6 gm/cm 2 ), dry lobes on either side of the wet area (location d, 4.2 gm/cm 2 ) and a uniform region upwind of the island (location b, 4.3 gm/cm 2 ). The vertical distribution of temperature and water vapor for the 3 points is shown in Fig. 3 . This figure shows that the island induces variations of temperature and moisture in the layer between 400 and 1500m. The wet location is ~1.5C cooler than the base case, location b. 
MODTRAN CALCULATIONS
A base case Modtran calculation was performed with input parameters from the Nauru Arm site. The water vapor was 4.2 gm/cm 2 and the sea surface temperature was 301.5K. The base case atmosphere was obtained from the Nauru radiosonde one hour before the MTI image. The ratios of the MTI radiances to those from the Modtran base state calculation is shown in Fig. 4 . This figure shows reasonable overall agreement between the MTI radiances and the Modtran calculation except for the visible bands 3 and 4 and the cirrus band (band 8). The high values in the visible bands are probably due to adjacency effects. The MTI radiances in the cirrus band are only 20-50% of the Modtran values, which indicates no cirrus in the MTI image. Fig. 5 shows the results of a Modtran calculation with an additional 20% water vapor (5.0 gm/cm 2 ). There is very little change in most band ratios except for band F, which increases slightly due to increased water vapor absorption.
WATER VAPOR RESULTS
The variation of water vapor can be estimated with the CIBR which is defined 4 in terms of the radiances in bands E, F, and G. CIBR = 0.55*Band E + 0.45*Band G Band F
In practice, the exact value of the CIBR is not significant and the water vapor column amount is found from a lookup table based on a series of Modtran runs. In our case, we estimate the water vapor variation simply by using the two Modtran runs shown in Table 2 . This method implies that a 0.055 increase in the MTI CIBR corresponds to a (0.055/0.14)* 20% = +8% increase in the water vapor (downwind). This result is similar to the RAMS simulation which found a +7% increase in downwind water vapor (Fig  2) .
This close agreement is certainly fortuitous. An important concern is the difference between the MTI and Modtran CIBR values. Possible reasons for the difference are sea-surface inhomogeneities ( Fig. 1 ) which affect the reflectivity in bands E,F, and G. However, we can conclude with some confidence that both MTI and model are consistent in indicating a slight (5-10%) increase in water vapor downwind of the island. 
SEA-SURFACE TEMPERATURE RESULTS
Variations in the sea-surface temperature were studied by examining the radiances in bands L, M, and N. The ratio of these radiances to the Modtran base case is shown in Fig. 6 . This figure also shows the radiance ratios for the Modtran run with 20% more water vapor and for a 2C decrease in the sea water temperature. Fig. 6 shows that the radiance in these 3 bands decrease by ~2% for a 20% increase in water vapor or a 2C decrease in the sea water temperature and that locations 3 and 4 have radiances ~4% less than locations 1 and 2 (which are nearly identical). The significantly smaller radiances at locations 3 and 4 imply temperatures ~4C lower than at locations 1 and 2 (~3C if we take into account the larger water vapor calculated for locations 3 and 4). temp, dry temp, wet temp, base spec humid, dry spec hum, wet spec hum, base 
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Jan 27, loc4 The RAMS simulation assumes constant water temperature around the island but observations indicate that the downwind sea temperature is cooler than the upwind value by ~0.2C 3 . Thus, the difference in radiance between locations 3 and 4 and locations 1 and 2 (~3C) is much greater than expected.
The most likely reason for this difference is a bias in sensor array 1 (locations 1 and 2) compared with sensor array 2 (locations3 and 4). This point was investigated by selecting a 5'th location (containing 3900 pixels) from the upper left (northwest) corner of the image (Fig. 1) . This area includes approximately the same sensor elements used for location 4. The results, shown in Fig. 6 , show very close agreement in the radiances of locations 4 and 5. The only significant difference is in band L, where the radiance is ~0.2% (~0.2C) smaller at location 5 than location 4.
The ~1.2% greater radiance at location 3 compared with locations 4 and 5 is probably the result of variations in sensor sensitivity within sensor array 2 or of a greater sea-surface brightness temperature within the cloud region. This latter effect may be caused by upward reflection of high cloud radiances compared to clear sky radiance.
In summary, fluctuations in the sea-surface temperature of <0.2C may be detectable with the MTI if sensor elements are averaged into bands and only if variations along the flight path, rather than acrosstrack, are considered. It is also important that radiative properties along the flight path be relatively uniform. 
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CONCLUSIONS
Preliminary analysis of the MTI image of the island of Nauru on Jan 27, 2001 revealed 8% more moisture directly downwind and sea surface temperatures ~0.0-3.0C cooler than upwind of the island. The increased moisture is consistent with a numerical simulation, however, the cooler downwind sea-surface temperature is probably due to variations in MTI sensor chip response across the arrays. Detection of differences of 0.2C in sea-surface temperature will require sensor element grouping, analysis along the flight path direction, and restriction to constant radiative conditions.
